Objective: To evaluate the rate of medication related errors in the pediatric ward and pediatric emergency department (PED), before and after implementing intervention strategies according to the Joint Commission International (JCI) accreditation program. Design: A retrospective cross-sectional study that included chart review. There was a significant reduction in prescribing errors from 6.5 to 4.2% between years 2013 and 2014 (P = 0.03). There was no significant difference in administration error rates between the two periods (104 (11.3%) in the first period and 114 (11.9%) in the second; P = 0.61). Conclusions: The errors rate we found was within the range described in the literature. Quality assurance interventions can significantly reduce medication prescribing errors.
Background
Medication errors are a common cause of iatrogenic morbidity and mortality and have potentially serious outcomes for the patients including prolonged hospitalization, unnecessary diagnostic tests, unnecessary treatments and death. Medication errors, are also a major cause for patients' distress [1] . A recent study on ambulatory care adverse events showed that up to 83% of the prescriptionrelated adverse events were preventable [2] .The pediatric population poses unique challenges to the system in terms of prescribing, administering and dispensing of medications. Necessary weightbased calculations and the use of off-label drugs with no standard dosing may lead to fatal errors [3] . Moreover, the fact that the safety and efficacy profiles of drugs are determined almost exclusively in adults may lead to erroneous dosing caused by manipulation of a drug (splitting, crushing, suspending) [4] .
Because of the nature of such errors, the drugs involved, and the patient population, medication prescribing errors (PEs), especially those involving dosage calculations, have high potential to result in patient harm if performed [5] .
Quality of care and patient safety issues have become of major importance in medical systems around the globe. There are many studies focusing on unsafe patient care in developed health systems, and a recent systematic literature review identified a high rate of medication errors in low resource countries as well [6] .
In our hospital only newly adopted medications or medication defined as 'high risk' such as chemotherapy, are immediately analyzed by a pharmacist. We estimate that 15-20% of these medications are analyzed at any given moment. All other medical prescriptions are analyzed by a senior physician at the medical wards.
Starting a decade ago with seven hospitals, all the general hospitals in Israel are now accredited or in the process of accreditation. As part of its excellence and quality improvement strategy, Assaf-Harofeh Medical-Center initiated the process for obtaining The Joint Commission International (JCI) accreditation in early 2014. JCI is a nonprofit organization established in 1998. It provides educational programs, education, consultation and accreditation to hospitals around the world.
The Accreditation process is composed of pre-established explicit criteria or standards, which are assessed by external evaluators during a period of 1 week [7] . The survey evaluates the organization's compliance based on interviews with staff and patients, on-site observations of patient care processes by surveyors, documents provided by the organization and results of self-assessments [8] .
The process of preparing a hospital for the accreditation is complex, and created a new management reality. Quality and safety management, internal mechanisms, and systems had to be reassessed to meet the requirements of the JCI model of standards-based evaluation of healthcare. There are several reports in the current literature that try to assess the benefits of accreditation on quality and safety of healthcare [9, 10] . An Australian review of nineteen accredited healthcare organizations found that accreditation performance was significantly positively correlated with organizational culture and leadership with a positive trend between accreditation and clinical performance [9] . Another study of American hospitals found that a majority of hospital administrators in accredited hospitals reported substantially more progress in implementing medical error management systems than those not accredited [10] . The objective of the current study was to evaluate the effect of the implementation of the JCI program on prescribing and medication administration errors rate. Our hypothesis was that preparations for the accreditation will reduce medication errors rate.
Methods

Ethical committee approval
This study was authorized by Helsinki committee, approval number 161/14.
Study design
A cross-sectional retrospective study was conducted at the pediatric ED and pediatric ward at Assaf-Harofeh Medical Center-a university affiliated, 850 beds general hospital in Israel. All medical charts of pediatric patients admitted on February 2013 and February 2014 were reviewed
Pre-accreditation preparations
In order to prepare the medical and nursing staff for the JCI accreditation survey, a training program based on the JCI official standards was initiated in May 2013. One of the key issues addressed were the medication and management use (MMU) protocols, as written by JCI specialists.
The staff of the pediatric emergency department (ED) and the pediatric ward underwent training in order to refresh knowledge of protocols as well as to enhance awareness to possible errors. These topics were introduced to the staff via lectures, written hand-outs and an educational software designed by the hospital's pharmacy. All the medical and nursing staff had to complete a short exam on the topics discussed. The following topics were discussed in detail: the components of a medical order, proper registration of orders, who is authorized to issue and execute medication orders, management of an incomplete order, correct preparation and administration of the drug prescribed, documentation of administration, common possible errors in administration and prescription of drugs, inspection protocol of drug administration files by a supervising nurse and/or pharmacist, the use of an audit of orders and administration by a pediatrician and a supervising nurse, rules of conduct when recognizing a drug related error or 'near-miss'. All staff members received a personal handbook, issued especially for the JCI accreditation process, containing medication management and utilization (MMU) based updated protocols on writing medical instructions and their executions. These protocols includes the essential elements of all orders or prescriptions, such as when generic or brand names are acceptable or required, whether or when indications for use are required on a PRN (pro re nata, or 'as needed') order, the types of orders that are weight based, etc. [8] .
Data collection
All medical orders at the pediatric ED and ward were written manually in the medical chart.
Data from patients charts was extracted by an intern (T.M.) into a database. To establish the accuracy of data collection, a senior investigator reviewed a random sample of 5% of the charts.
Information from the ED charts included the patient age and weight, the primary diagnosis, acuity of condition according to triage category, known allergies/sensitivities and the list of prescriptions made, including the time at which the order was given, the drug prescribed, the dosage, method and duration of administration and the training level of the ordering physician-pediatric resident or pediatric specialist (holds a pediatric specialist license from the Israeli Ministry of health). We also recorded the time at which the drugs were administered by the nurse. Information from the pediatric ward charts included the diagnosis on discharge, and the list of prescriptions made, including the time at which the order was given, the training level of the ordering physician (see above), the drug prescribed, the dosage and the method and duration of administration. We then reviewed the nursing charts to determine whether the prescription was administered as ordered.
We excluded patients that were treated at the ED resuscitation room, and orders for insulin, IV fluids, ointments, nutrition supplements and blood products-since orders that are given in the resuscitation room are computerized, insulin orders are given by the endocrinologist in a premade table, IV fluid orders are not written in the order chart that we reviewed, and the nutritional orders were given by a dietitian.
The medical orders were first screened by an intern (T.M.), who marked potential PE under the following conditions:
1. A component of the order was missing (dose, dosing units, route of administration…). 2. The order was changed shortly after it was issued. 3. The order was written in an incomprehensible manner. 4. The drug prescribed did not coincide with the patient's allergies 5. The dose/route/frequency prescribed seemed to differ from the common dosing.
All the above conditions were flagged as suspected 'prescribing errors'. Furthermore, unsigned orders or orders without a date/hour were flagged as suspected 'rule violation'.
The flagged data was then reviewed by two pediatric specialists, blinded to variables outside the clinical context such as the date and hour of the order and the name seniority of the prescribing physician. Each reviewer decided separately whether an error occurred. Errors were then graded by their severity (potential hazard) level [11] :
1. Insignificant: a drug error with minimal likelihood of harm. 2. Significant: a drug error that could cause non-life-threatening consequences, or an error that would result in a less effective treatment for the child's condition. 3. Severe: any drug error that could cause death or decrease the chance of successful treatment of a life-threatening condition
The examiners reviewed together the orders they didn't agree on, and reached a shared conclusion by consensus. Nursing charts were flagged as containing an error if one or more of the following conditions applied:
1. The drug/dose/route of administration/frequency in the nursing chart was different than prescribed. 2. A deviation of 2 h or more from the recommended interval between doses at the ward, and 1 h or more at the ED.
We classified the errors on the basis..of the American Society of HealthSystem Pharmacists standard definition of medication errors [12] : A PE was defined as incorrect drug selection (based on indications, contraindications, known allergies, existing drug therapy and other factors), dose, dosage form, quantity, route, concentration, rate of administration or instructions for use of a drug product ordered or authorized by physician.
Medication administration error (MAE) were defined as any inconsistency, whether in drug, dosage form, dose, administration route, dosing interval, between what has been ordered by a physician and what the patient receives by nurse (as appears on nurse's charts).
'Rule violation' errors were defined as unsigned orders or orders without a date/hour.
We measured the rates of prescribing and administration errors in the pediatric ward end ED in both periods.
Statistical analysis
The minimum sample required to detect a 30% reduction in errors, was 1565 orders in each period. This sample has a power of ≥80% at P = 0.05% We reviewed a random sample of 20 charts, in order to evaluate the number of orders given per hospitalized child. This review indicated that an average of 12 orders (doctor's prescription orders and nurses' administration orders) are given per patient. Assuming that the average rate of total medication errors in pediatric care is 11% [13] , any reduction in the rate to 8% or under, will be considered statistically significant.
Descriptive statistics were used to describe the study population, type and nature of errors. The χ2 test was used to compare the incidence of medication errors between the two periods. A P value < 0.05 was considered statistically significant. The kappa statistics was used for agreement between the reviewers. A kappas over 0.75 was considered as excellent, 0.40-0.75 as fair to good, and below 0.40 as poor.
Statistical analysis was conducted using the SPSS (SPSS 21st edition; IBM Corp Armonk, NY).
Results
We reviewed 246 charts of hospitalized children from February 2013 (before the JCI program). A total of 63 charts were excluded (15 treated in the resuscitation room, 4 treated with insulin, 44 received only IV fluids topical preparation or nutritional support or did not receive any medications). Overall, 240 medical charts from February 2014 (during the implementation of the JCI program) were reviewed. Overall, 57 were excluded (20 treated in the resuscitation room, 4 treated with insulin, 33 received only IV fluids topical preparation or nutritional support or did not receive any medications). One hundred and eighty three children in each period met our inclusion criteria. We collected 937 valid prescription orders and 924 administration orders 
Prescribing errors
A total of 134 orders were identified by the first screening. A total of 102 prescription were identified as errors. The kappa test score for agreement between the reviewers whether or not an error 
Administration errors
A total of 218 MAEs were made during both periods together.
The most common types of MAE were wrong frequency (120 errors −55% of MAE) and omission of drug (81 errors, 37% of MAE). There was no statistically significant difference in total administration error rates or in the subtypes of errors between the two periods.
Discussion
In the current retrospective review of pediatric patients we found a significant reduction in PEs by physicians during preparations for the JCI accreditation. These findings are compatible with our hypothesis. However, contrary to our hypothesis the overall rate of errors and the rate of administration errors was not affected by the accreditation process.
During the preparation for the JCI Accreditation process, we observed a significant reduction of in PEs from 6.5 to 4.2%. This reduction stems from a decrease in PEs without a significant reduction in rule violation. The preparations for the accreditation included mainly educational and administrative interventions. The effect of educational process on medication errors is questionable and the impact of teaching on competency to prescribe is not established [14] . Although interventions may improve prescription habits in written tests [15] , their effect on actual errors rate is not known.
For example a short tutorial given to trainees before they started working in the ED did not reduced errors rate [16] . On the other hand, in a recent study in a JCI accredited academic medical center hospital in China showed a reduction in medication errors while focusing on organizational, educational, motivational, and information technological measures in storage, prescribing, preparing, dispensing, administration, and monitoring of medications [17] . It is possible that the observed effect found in the current study is the result of the multiple simultaneous interventions and the fact that the assessment was done during and at the immediate time before the accreditation process.
Although the incidence of PEs we found was lower than expected it is within the range described in the current literature [18] . However, direct comparison is difficult since most studies analyze rate of error per patient or days of hospitalization, and not per medical order as in our study. Moreover, studies that did analyze rate of error per order, include in their analysis other work environments such as Neonatal Intensive Care Unit and Pediatric Intensive Care Unit [19, 20] .
The administration errors rate did not seem to improve as expected, and in fact, remained almost the same. This finding does not correlate with a recent study by Wang et al. [21] , which found a decrease in medication administration errors after JCI-accreditation. The outcome difference might be explained by the fact that in the Wang study, as a part of the quality improvement tools there was an electronic medication tracing system, a web-based software for prescription screening and drug counseling, online query system of appearance (color, size, shape) of tablet or capsule, etc. In our hospital the medical and nursing charts, including the orders, are not computerized, giving more space for human error.
The most common types of administration errors in our study were a delay in administering a prescribed drug (55%) or omission errors (37%). This type of error might be caused by a busy work environment and structural manpower layouts, as shown in a recent study [22] . It remains an important issue for further work. Our efforts to achieve accreditation have caused us to improve our training for drug therapy, and produced a modest yield. They have also caused us to look more closely at the opportunities for improvement. Different strategies can be helpful in reducing medication errors and adverse events. The introduction of a computerized physician order entry system (CPOE) has the potential to assist in calculations, manage known allergies and check for contraindications for drug therapy. This strategy managed to decrease PEs of high severity when examined specifically on pediatric population [23, 24] . Another intervention that helped in decreasing error rates in pediatric ICU patients was the involvement of pharmacists in clinical rounds [25, 26] . Further steps can include the use of standardized order sheets [27] and medication 'quicklist'
-that provides decision support by supplying pediatric, weight-based doses of formularyapproved drugs for the most commonly prescribed medications [28] , manpower enhancement during heavy workload time, encouragement of open communication among members of the medical staff [29] , and simulation based learning tool to increase medication error risk awareness [30] . This study emphasizes the importance and effect of the accreditation process on patient safety and care, by increasing knowledge, awareness and skills of the medical staff.
Our study has several limitations. It is a retrospective single center study, without follow-up on the clinical consequences of the medical errors that were made. Furthermore, this study is not longitudinal, so we can't examine the long term effects of the 
Conclusions and implications
According to our study,~8% of medical orders in the pediatric ward and pediatric ED contained a prescribing or administration error. Preparations for the JCI Accreditation process reduced PEs. It did not reduce administration errors, possibly due to environmental factors unrelated to knowledge or skills. This shows that educational programs designed for the accreditation process can have an effect in reducing errors rate. Future studies should assess the long term effects of accreditation process on PEs and strategies to reduce administration errors.
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